Abstract Hyperlipidemia is a major risk factor for developing atherosclerosis in humans, and epidemiological studies have correlated specific lipoprotein levels with cardiovascular disease risk. Murine models of atherosclerosis rely on the induction of hyperlipidemia for vascular lesions to form, but the pathogenic contributions attributed to different lipoprotein populations are not well defined. To address this issue, we analyzed over 300 LDL receptor (LDLR) deficient mice that have been fed a high-fat diet and for which a full lipoprotein profile and aortic root atherosclerosis values were assessed. Overall, aortic root atherosclerosis is best predicted by plasma VLDL cholesterol levels with less predictive value derived from either LDL or HDL cholesterol. Triglyceride levels are more atherogenic in female mice, especially immune competent females, and depletion of the adaptive immune system leads to a global reduction in plasma lipid levels and aortic root lesion size yet does not appear to alter the atherogenic potential of individual lipoprotein subspecies. In contrast, HDL-cholesterol is a better predictor of aortic root atherosclerosis in apoE-deficient mice. In summary, this large scale analysis of high-fat diet fed LDLR deficient mice highlight the relationship between different plasma lipid components, especially VLDLcholesterol, and aortic root atherosclerosis.-VanderLaan, P. A., C. A. Reardon, R. A. Thisted, and G. S. Getz. VLDL best predicts aortic root atherosclerosis in LDL receptor deficient mice. J. Lipid Res. 2009. 50: 376-385. Supplementary key words hyperlipidemia • cholesterol • HDL Atherosclerosis is a vascular site-specific chronic inflammation initiated in response to retained and modified lipids within the arterial wall that can eventually lead to clinically significant endpoints including myocardial infarction, peripheral arterial disease, and stroke (1-3). Although multiple risk factors have been shown to play a significant role in the pathogenesis of atherosclerosis and cardiovascular disease, the determination of plasma lipid levels in humans remains a cornerstone in the clinical assessment of cardiovascular risk. Numerous large-scale epidemiological studies and clinical trials have associated different plasma lipid components with the risk for experiencing future cardiovascular events, with most focusing on total cholesterol, LDL cholesterol, and HDL cholesterol (4-10). These population-based studies and related trials of lipid-lowering agents (especially concerning the statin class of drugs) have firmly established that hypercholesterolemia is a primary and treatable cause of atherosclerosis and cardiovascular disease in humans.
Atherosclerosis is a vascular site-specific chronic inflammation initiated in response to retained and modified lipids within the arterial wall that can eventually lead to clinically significant endpoints including myocardial infarction, peripheral arterial disease, and stroke (1) (2) (3) . Although multiple risk factors have been shown to play a significant role in the pathogenesis of atherosclerosis and cardiovascular disease, the determination of plasma lipid levels in humans remains a cornerstone in the clinical assessment of cardiovascular risk. Numerous large-scale epidemiological studies and clinical trials have associated different plasma lipid components with the risk for experiencing future cardiovascular events, with most focusing on total cholesterol, LDL cholesterol, and HDL cholesterol (4) (5) (6) (7) (8) (9) (10) . These population-based studies and related trials of lipid-lowering agents (especially concerning the statin class of drugs) have firmly established that hypercholesterolemia is a primary and treatable cause of atherosclerosis and cardiovascular disease in humans.
Over the past 20 years, mouse models of atherosclerosis have proven extremely useful in dissecting the cellular and molecular interactions involved in atherogenesis. An almost uniform requirement for these models to develop vascular lesions is the induction of hypercholesterolemia, either through dietary or genetic means (11) . It has not been shown whether the same pathogenic lipid relationships that have been assessed in humans also hold true for the development of murine atherosclerosis. To address this issue, we performed a retrospective analysis of over 300 diet-induced hyperlipidemic LDL receptor deficient (LDLR 2/2 ) mice studied in our lab, all of which incorporated individual plasma lipid and aortic root atherosclerosis information. Innominate artery atherosclerosis for 235 of the mice was also examined. A similar analysis was also performed on data from 130 apoE-deficient (apoE 2/2 ) mice. The data for these mice were compiled from a number of studies that have examined the effects of immune deficiency, gender, type of high-fat diet, and immune cell transfers on atherogenesis in the LDLR 2/2 mouse model (12-16, and C. A. Reardon and G. S. Getz, ,unpublished data).
MATERIALS AND METHODS

Mice and lipid determination
Specific experimental details for each study can be found in references (12) (13) (14) (15) (16) . Briefly, all mice were housed in specific pathogen-free barrier facilities at the University of Chicago and experimental procedures performed in accordance with NIH and institutional guidelines. Most of the mice examined in this paper were LDLR deficient on the C57BL/6 background. In addition to high-fat diet fed LDLR 2/2 mice with a fully functional adaptive immune system (12) (13) (14) , different subgroups included adaptive immune-deficient mice derived from recombination activating gene (RAG)/LDLR double knockouts (12, 13, unpublished data) as well as partially adaptive immune-deficient mice that were derived by either selectively reconstituting the RAG/ LDLR double knockout mice with different lymphocyte subsets (15, unpublished data), selectively depleting lymphocyte subsets or function in LDLR 2/2 mice (14, unpublished data), or by crossing the LDLR 2/2 mice with other immune-deficient models (unpublished data). In all cases, a standardized protocol was followed: at 8-10 weeks of age, the mice were switched from a standard laboratory low-fat chow diet to a high-fat diet (either the Western type diet, Harlan Teklad TD88137; a milk fat-enriched diet, Harlan Teklad TD97222; or a safflower oil-enriched diet, Harlan Teklad TD97223). After 12 weeks of high-fat diet feeding, the mice were fasted for 4 h and bled via the retro-orbital sinus with the resultant plasma used for determining fasting plasma cholesterol and triglyceride levels using kits from Roche Molecular Diagnostics. Lipoprotein cholesterol profiles were generated from the plasma via fractionation using tandem Superose 6 fastprotein liquid chromatography (FPLC) columns. FPLC fractions were analyzed for cholesterol content and peaks corresponding to VLDL, LDL, and HDL identified. All of the triglyceride in the FPLC fractions was contained in the VLDL fractions and was used to identify the fractions corresponding to VLDL. Preliminary studies of immune competent and RAG deficient apoE deficient (apoE 2/2 ) mice maintained on chow diet for 27 weeks were also analyzed for aortic root and innominate artery atherosclerosis, plasma lipids, and lipoproteins. A total of 130 apoE 2/2 mice were studied, two-thirds of which were fully backcrossed onto the C57BL/6 background.
Atherosclerosis quantification
At sacrifice the upper arterial vasculatures were perfused with a paraformaldehyde solution under physiologic pressures, dissected from the mouse, mounted in OCT, and serial 10 mm frozen sections collected for Oil Red O staining of neutral lipids (12) (13) (14) (15) (16) . Aortic root atherosclerosis was assessed as the average of three sections, each separated by 100 mm, beginning at the site of appearance of the coronary artery and valve leaflets. Innominate artery atherosclerosis was determined based on three or four sections, each separated by 100 mm, beginning 350 mm above the aortic arch. Atherosclerosis was quantified from digitally captured images and OpenLab Software, version 1.7.6.
Data analysis
The LDLR deficient data set included a total of 321 mice (164 males and 157 females), with each mouse representing a separate lipid and atherosclerosis measurement with the exception of 88 paired mice that were treated as 44 discrete samples. Each pair of mice had their plasma pooled for FPLC lipoprotein determination, which was then coupled with the average of the atherosclerosis assessments for the two mice. Each paired sample was treated as a single data point with appropriate weighting when determining the linear regression for each lipid association. Similar data was obtained from 27-week-old chow-fed apoE 2/2 mice (n 5 130; 66 males and 64 females), with 70 paired mice that were treated as 35 discrete samples. All data are expressed as mean 6 SD. Unpaired two-tailed t-tests were used to determine differences between groups (probability values of P , 0.01 were considered statistically significant for these studies). Linear regression was used to determine the relationship between variables, and the squared correlation coefficient (R 2 ) was used to measure strength of relationship. Differences in slopes of regression lines were tested using a Wald test for interaction. All data processing and statistical analyses were performed using STATA Statistical software, StatView, and Microsoft Excel.
RESULTS
Lipid and lipoprotein profile determinations of LDLR 2/2 mice
The mean terminal vital parameters including plasma lipid and root atherosclerosis measurements for the LDLR 2/2 mice included in this data set as well as subgroup breakdowns are shown in Table 1 . The fasting plasma cholesterol levels attained in these LDLR 2/2 mice fed a high-fat diet were on average approximately seven times that seen in normocholesterolemic humans.
Total data set analysis of LDLR 2/2 mice When analyzing the complete LDLR 2/2 data set, box and whisker plots were constructed relating each progressive quartile for each individual lipid variable to aortic root atherosclerosis as shown in Fig. 1 . As expected, aortic root atherosclerosis was overall positively associated with terminal total cholesterol, triglycerides, VLDL cholesterol, and LDL cholesterol, while negatively associated with HDL cholesterol levels. Interestingly, no association was observed between the body mass of the mouse and aortic root lesion size (data not shown). The calculated ratio of non-HDL cholesterol to HDL cholesterol was also positively related to aortic root lesion size, with significant differences observed between each stepwise quartile. Based on the squared correlation coefficient (R 2 value) calculated from the linear regression derived from the scatter plot for each relation, VLDL cholesterol ended up being the best predictor of aortic root atherosclerosis with much lower predictive value seen with LDL or HDL cholesterol. To see if the negative association seen with HDL cholesterol was independent of the stronger positive association seen with VLDL cholesterol, a cross-classification based on these two lipid measures was performed. As shown in Fig. 2 , within each quartile of VLDL cholesterol, the resultant aortic root lesion size increased with decreasing quartiles of HDL cholesterol. This relationship is even more apparent when aortic root atherosclerosis associated with each quartile of VLDL is plotted against upper and lower half of HDL cholesterol (see supplementary Figure I ). Innominate artery atherosclerosis in 235 LDLR 2/2 mice was not strongly correlated with any of the lipid parameters studied (see supplementary Table I ). Similar results were obtained when only mice fed the Western type diet (n 5 179) were analyzed. The parameters with the highest squared correlation coefficient for aortic root atherosclerosis are non-HDLc/HDL ratio (R 2 Figure I ).
LDLR-deficient subgroup analysis: gender
The entire data set was next analyzed on the basis of gender. As compared with male LDLR 2/2 mice, females have significantly lower levels of plasma triglycerides, LDL cholesterol, and HDL cholesterol but a larger aortic root atherosclerosis burden (Table 1) .
Scatter plots relating each lipid variable to resultant aortic root atherosclerosis were constructed with linear regression and squared correlation coefficient values displayed (Fig. 3) . Overall, a similar pattern between each lipid parameter and aortic root atherosclerosis was observed for each gender as was noted for the data set as a whole. Squared correlation coefficient values between genders were similar, but male mice did demonstrate slightly stronger associations for LDL cholesterol and HDL cholesterol than Box and whisker plots relating terminal plasma lipid parameters to aortic root atherosclerosis as assessed in LDLR 2/2 mice after 12 weeks of high-fat diet feeding. Each plot encompasses the entire data set (n 5 321 mice) divided into progressive quartiles (Q1-Q4) based on increasing plasma lipid levels for each variable (n?80 mice per quartile). Displayed is the squared correlation coefficient (R 2 value) for the corresponding linear regression from the scatter plot (not shown) relating each lipid variable to resultant aortic root atherosclerosis. Statistically significant differences between adjacent quartiles as well as the Q1 to Q4 comparison are shown. ANOVA comparing means of Q1 through Q4 exhibited statistical significance (P , 0.001) for each parameter except LDL Cholesterol (P 5 0.052). Error bars represent SD. female mice, which were recapitulated in the non-HDL cholesterol to HDL cholesterol relationship. On the other hand, the triglyceride levels in female mice were a better predictor of aortic root atherosclerosis than observed in males. Across the different plasma lipid components, female mice tended to have larger aortic root atherosclerotic lesions than male mice at any given lipid level, represented by the positive vertical displacement of the female linear regression line relative to that of males. On the other hand, the slopes of the linear regression lines for each association were overall similar between males and females. Only the plasma triglyceride linear regression demonstrated a significant difference in slope, implying that rising triglyceride levels may exert progressively more of an atherogenic pressure in females than males.
LDLR deficient subgroup analysis: adaptive immune status
The entire data set was then analyzed with respect to the status of the adaptive immune system of the mouse, which was manipulated either genetically or experimentally in a number of the included studies. Three classifications used to group the mice were (1) adaptive immune competent where no manipulation of the adaptive immune system was involved (2), adaptive immune deficient where the mice were entirely depleted of any functional T-or B-lymphocytes by crossing the LDLR 2/2 mouse onto the RAG-deficient background, and (3) partially adaptive immune deficient where only a subset of the adaptive immune system was defective through either genetics (e.g., crossing onto a CD1d 2/2 background) or through selective cell population reconstitution (e.g., adoptive transfer of B-1 B-lymphocytes to RAG 2/2 LDLR 2/2 mice). As compared with adaptive immune competent mice, the adaptive immune-deficient mice demonstrate significantly lower mean plasma total cholesterol, triglyceride, VLDL cholesterol, and LDL cholesterol levels with a concurrent significant decrease in aortic root lesion size (Table 1) . Interestingly, other than having a significantly higher plasma triglyceride level than the adaptive Fig. 3 . Subgroup analysis based on gender. Each graph plots the lipid variable (mg/dl) against the resultant aortic root atherosclerosis for both males (blue squares) and females (pink diamonds). Each color coded linear regression (blue for males and pink for females) has the corresponding squared correlation coefficient (R 2 value) displayed. The slope of the female triglyceride regression line is significantly different than the slope of the male triglyceride regression line (P , 0.001). immune-deficient mice, the somewhat heterogeneous partially adaptive immune-deficient group tended to have both plasma lipid levels and aortic root atherosclerosis lesion burden that fell between those measured for the adaptive immune competent and adaptive immune-deficient mice ( Table 1) .
As with the gender subgroup analysis, scatter plots relating each lipid variable to resultant aortic root atherosclerosis were constructed with linear regression and squared correlation coefficient values for each group displayed (Fig. 4) . Across all lipid measures, the adaptive immunedeficient mice demonstrated the same direction of association but lower squared correlation coefficients than the adaptive immune competent mice. Adaptive immunedeficient mice did tend to have lower plasma lipid levels across the board, but for any given plasma lipid level the adaptive immune-deficient mice had less aortic root atherosclerosis than their adaptive immune-competent counterparts, represented by the negative vertical displacement of the adaptive immune-deficient mice linear regression line relative to that of the adaptive immune-competent mice. No difference in slope was observed between these two groups, indicating that the atherogenic pressure exerted by increasing levels of these pathogenic lipoproteins is similar between these two groups. When examining the somewhat heterogeneous subgroup of adaptive immunepartial-deficient mice, it was observed that none of the proatherogenic lipid measures held any predictive value for resultant aortic root atherosclerosis (a squared correlation coefficient of zero), though HDL cholesterol still did hold a negative relation with aortic root lesion size with a recapitulation of this relationship seen in the nonHDL to HDL cholesterol ratio.
To study the interaction between gender and immune status, we show the box and whisker plot for the immune competent and immune-deficient mice stratified by gender (the partially immune-deficient mice were excluded from this analysis) (Fig. 5) . For these analyses, each box contains 14-20 animals. Here it is seen that triglyceride and VLDL cholesterol are associated with aortic root atherosclerosis in males and females of the immune-competent and -deficient subsets. Total cholesterol was associated with aortic root atherosclerosis in both genders of immunecompetent mice but only female immune-deficient mice, while LDL cholesterol was poorly associated with this atherosclerosis in all subsets. The negative association with HDL cholesterol was only seen with the immune-competent males. The immune-deficient mice of either gender showed little negative association with aortic root atherosclerosis. The highest correlation coefficients were seen for the non-HDLc/ HDL cholesterol ratio (R 2 5 0.40) and VLDL cholesterol (R 2 5 0.32) in immune competent male mice.
Total data set analysis of apoE 2/2 mice
To determine whether these risk relationships also apply to another model of murine atherosclerosis, we undertook a similar analysis of apoE 2/2 mice maintained on chow diet. Both aortic root and innominate artery atherosclerosis were examined in male and female immune-competent and -deficient mice at 27 weeks of age. The summary of these data is shown in Table 2 . This preliminary analysis is confounded in that only 64% of the animals were fully backcrossed into the C57BL/6 background; the others were predominantly in that background (16) . The scatter plot for total cholesterol, HDL cholesterol and the ratio of non-HDL cholesterol/HDL cholesterol in relation to aortic root atherosclerosis are shown in Fig. 6A . In contrast to the LDLR 2/2 mice, aortic root atherosclerosis was surprisingly negatively correlated with total cholesterol in these animals that were preselected for an initial total cholesterol of 350-600 mg/dl. On the other hand, apoE 2/2 animals revealed a more robust negative correlation with HDL cholesterol level (R 2 5 0.18) than was observed for the LDLR 2/2 mice (R 2 5 0.06). Also the non-HDL cholesterol/ HDL cholesterol ratio for the apoE 2/2 mice showed a lower correlation (R 2 5 0.10). The R 2 values for these parameters are not significantly associated with innominate artery atherosclerosis (see supplementary Table I ). As we did for the LDLR 2/2 mice, we also examined the cross correlation of VLDL cholesterol and HDL cholesterol in influencing aortic root atherosclerosis in apoE 2/2 mice (Fig. 6B) . For this murine model also, at each quartile of VLDL-cholesterol there is an inverse relationship between HDL-cholesterol and aortic root atherosclerosis. Similar trends were observed when only the fully backcrossed apoE 2/2 mice were analyzed (data not shown).
DISCUSSION
As presented in this reanalysis of primary data from over 300 high-fat diet fed LDLR 2/2 mice and 130 apoE 2/2 mice studied in our laboratory, it is clear that plasma lipid parameters are able to predict resulting aortic root atherosclerosis, the arterial site most often assessed in murine atherosclerosis studies. For LDLR 2/2 mice, the correlative relationships identified between components of plasma lipoprotein profile demonstrated that VLDL cholesterol proves to be the best indicator of root atherosclerosis in this model. Total cholesterol, triglyceride, LDL cholesterol, and low HDL cholesterol levels also are positively correlated with aortic root lesion size, but to a lesser extent. Similar but more subtle differences in atherogenic drive for different plasma lipid components were also observed when animals were stratified by both gender and adaptive immune status. Thus, although the overall atherogenic qualities of various plasma lipid components follows that observed in human studies, the differences reported here for LDLR 2/2 mice, especially VLDL cholesterol levels, may be related to subtle mechanistic differences in the atherogenic process that takes place in this murine model. This first analysis specifically looks at aortic root and innominate artery atherosclerosis in LDLR 2/2 mice fed a high-fat diet and relate the size of these lesions to the terminal lipid levels and lipoprotein profile. The aortic root is typically the initial locus of atherosclerotic lesion development in mice and is the most commonly assessed site for murine studies of atherosclerosis (17, 18) . Although we report here data relating plasma lipid levels to atherosclerosis at this site, our lab and others have also studied the innominate artery or brachiocephalic trunk as a second arterial site prone to develop human-like atherosclerotic lesions (19, 20) . In this data set, 235 of the mice also had lesion data for the innominate artery. The associations between plasma lipid levels and atherosclerosis at this site seemed to resemble those seen for the aortic root but the squared correlation coefficients were much lower (see supplementary Table I ). This finding supports the notion that the atherogenic response to various risk factors may differ by vascular site (19) . This variable atherogenic response to plasma lipid levels may also relate to the type of hypercholesterolemic mouse model studied, because the lipid associations for these LDLR 2/2 mice did not hold when analyzing apoE-deficient mice. HDL seems to be a more important negative risk factor for aortic root atherosclerosis in the apoE 2/2 mice than in the LDLR 2/2 mice. In addition there appears to be a relationship between VLDL cholesterol and aortic root atherosclerosis at the highest half of the HDL distribution. It does appear to be important to consider the arterial site and the mechanism by which the lesions are induced when interpreting studies involving murine atherogenesis. This large-scale analysis of the LDLR 2/2 mice is unique in that it had the power to identify trends and associations between plasma lipid levels and resultant aortic root atherosclerosis across a number of experimental conditions. Over 300 mice were included in this data set, a number that greatly exceeds the vast majority of published murine atherosclerosis studies. Although any environmental and genetic variability was minimized, the individual experimental groups of mice studied still represent a somewhat heterogeneous population with respect to dietary and immunological manipulations, as evidenced by the varying correlations with aortic root atherosclerosis in some of the parameters by gender and immune status. This type of variability is inherent in any population-based study. Our data set represents a retrospective murine epidemiological study that highlights a correlative (but not necessarily a mechanistic) relationship between plasma lipid levels and aortic root atherosclerosis.
Here we unexpectedly find that the development of aortic root atherosclerosis in LDLR 2/2 mice is more closely related to VLDL cholesterol levels than LDL or HDL levels, both of which are key players in the development of atherosclerosis in humans. This finding could be due to the higher relative levels of VLDL cholesterol in these highfat diet fed LDLR 2/2 mice as compared with humans. The complex vascular lesions that develop in these mice form over the span of weeks rather than years as in humans. The absence of cholesterol ester transfer protein in mice effectively attenuates the functional link between the apolipoprotein B containing lipoproteins (mainly LDL and VLDL) and HDL. This deficiency may describe the lower correlation values seen for LDL and HDL in this model relative to that of VLDL.
The first major subgroup analysis performed on the LDLR 2/2 data set was on the basis of gender. As previously reported, female mice tend to have larger lesions at the aortic root than males (21) (22) (23) . At any given plasma lipid level the linear regression line for females is vertically displaced upwards for each lipid parameter assessed (Fig. 3) . This is most strikingly shown for plasma triglyceride levels. Female LDLR 2/2 mice have significantly lower plasma triglyceride levels than their male counterparts (Table 1 ), yet have a much higher squared correlation coefficient relating triglyceride levels to aortic root atherosclerosis (Fig. 3) . Furthermore, the slope of the female linear regression line was significantly different than that of the male mice; suggesting that plasma triglycerides may be more of a risk factor for females. This risk difference has been observed in humans as well: data from the Framingham study demonstrated that plasma triglyceride levels as an individual risk factor were associated with coronary heart disease only in women (24) . Differences in the lipid composition of VLDL could account for the differences in the atherogenic potential between males and females. The VLDL choles-terol to plasma triglyceride ratio is significantly higher in female mice compared with male mice (1.65 6 0.84 vs. 0.90 6 0.50, P , 0.001).
The second major subgroup analysis on the LDLR 2/2 data set was on the basis of adaptive immune status, a long-term interest of our laboratory. The absence of functional T-and B-lymphocytes leads to a reduction and proportional redistribution of plasma lipid levels in the LDLR 2/2 and apoE 2/2 mouse models (12, 13, 16) . The adaptive immune system can play a role in regulating systemic lipid levels (14) . T and B-lymphocytes have been implicated in the pathogenesis of atherogenesis (1, 2) . In the absence of both T-and B-lymphocytes, there appears to be a net reduction of atherogenic plasma lipid levels as well as a reduction of the inflammatory cytokine profile driving lesion development. The heterogeneous partially adaptive immune-deficient group lacked the strong correlation between the proatherogenic plasma lipids and aortic root lesion size, perhaps because these immunological manipulations may have modulated the lesion inflammatory reaction independent of any lipid changes. The proportion of total cholesterol represented by VLDL cholesterol in immune-deficient mice (41%) is lower than that seen with immune competent mice (47%), and this could contribute to lower correlation coefficient for VLDL cholesterol by aortic root atherosclerosis in the immune-deficient group.
Excluding the partial immune-deficient group, we stratified aortic root atherosclerosis by both gender and immune status. Similar correlations were seen for total cholesterol, triglyceride, and VLDL cholesterol for both males and females, regardless of immune status except for total cholesterol in immune-deficient males (Fig. 5) . On the other hand relatively high correlations were seen for HDL cholesterol and especially for nonHDLc/HDL cholesterol ratio only in male immune competent mice. This latter risk is consistent with the recent report by Kastelein and colleagues (25) who showed the value of the apoB/ apoA-I ratio as a positive risk factor. This report is a retrospective correlative study that does not nor is able to delineate mechanistic underpinnings to any of the observed associations described. This said, the reported relationships may help to direct future experiments that are able to draw a mechanistic explanation for these findings. Another limitation of this study is that the measured plasma lipid levels and full lipoprotein profile were assessed only at the time of sacrifice. This single time point measurement may not necessarily capture steady-state lipid levels or reflect subtle changes in either lipid levels or the lipoprotein profile that occur during lesion development.
Analysis of the apoE 2/2 mice data set revealed that it is HDL cholesterol levels that have the strongest predictive value for resultant aortic root atherosclerosis, with high levels of HDL cholesterol correlating with smaller aortic root lesions. This suggests that as opposed to the LDLR 2/2 model where atherogenic lipid influx may be the more critical component of the atherogenic process, the major drive for lesion growth in apoE 2/2 mice may be the inability of lesion macrophage foam cells to effectively efflux cholesterol from the growing atherosclerotic plaque. Therefore, it is important to consider both the arterial site and the mechanism by which the lesions are induced in interpreting studies involving murine atherogenesis. Because of the limitation in pool size, we were not able to undertake a subset analysis of the apoE 2/2 mice based on gender or immune status.
In conclusion, this analysis summarizes a large body of work relating individual plasma lipid components to the development of atherosclerosis in mice: a first of its kind. Although hypercholesterolemia is indeed associated with the extent of atherosclerotic lesion development in the vasculatures of LDLR 2/2 mice, it is clear that plasma lipid parameters are insufficient on their own to adequately predict aortic root lesion size in mice. This speaks to the complex cellular and molecular interactions at play in atherogenesis. Though of a much more preliminary nature, the differences between the relative risk relationship of lipid and lipoprotein levels and aortic root atherosclerosis in LDLR 2/2 and apoE 2/2 mice and the much different response of the innominate artery atherosclerosis adds to the notion of the complexity of atherogenesis at least in these two murine models. Our analysis does reveal the somewhat unexpected findings in the LDLR 2/2 mice, including the primacy of VLDL cholesterol in promoting lesion development, the stronger influence of triglycerides in female than male mice, and the global effects of adaptive immune deficiency on plasma lipid levels. Additional prospective experimental murine studies will be needed to provide mechanistic explanations for these findings.
